In a series of blot hybridization experiments, using a xenotropic envelope probe and restriction enzymes known to cut xenotropic proviral DNA a single time (EcoRI) or not at all (HindIII), we have studied the organization and relationship of endogenous xenotropic env-related sequences in various mouse strains. Multiple copies (18 to 28) of xenotropic env-reactive fragments were found in all mouse DNAs after digestion with either HindIIl or EcoRI, and the majority of fragments were of sizes compatible with their origin from full-length proviral DNA. Five HindIII and five EcoRI restriction fragments were common to all inbred mouse DNAs tested. In addition, each strain exhibited unique characteristic xenotropic env-reactive bands; these bands were remarkably stable during many years of inbreeding. The cleavage patterns characteristic of each strain were also useful for showing genealogical relatedness among the various inbred mice.
In a series of blot hybridization experiments, using a xenotropic envelope probe and restriction enzymes known to cut xenotropic proviral DNA a single time (EcoRI) or not at all (HindIII), we have studied the organization and relationship of endogenous xenotropic env-related sequences in various mouse strains. Multiple copies (18 to 28) of xenotropic env-reactive fragments were found in all mouse DNAs after digestion with either HindIIl or EcoRI, and the majority of fragments were of sizes compatible with their origin from full-length proviral DNA. Five HindIII and five EcoRI restriction fragments were common to all inbred mouse DNAs tested. In addition, each strain exhibited unique characteristic xenotropic env-reactive bands; these bands were remarkably stable during many years of inbreeding. The cleavage patterns characteristic of each strain were also useful for showing genealogical relatedness among the various inbred mice.
In a previous study (7), we reported the results-of blot hybridization experiments in which mouse chromosomal DNAs, digested with restriction enzymes known to cleave xenotropic proviruses more than once, were annealed to a xenotropic env-specific (pXenv) DNA probe (1) .
That study indicated that mouse DNAs contained related, multimember families of endogenous murine leukemia virus (MuLV) proviral DNAs with envelope segments hybridizing to labeled pXenv DNA. Although some of the families of endogenous pXenv-reactive proviruses had SacI restriction maps corresponding to infectious xenotropic MuLVs, most did not resemble known MuLVs in internal organization (1, 5, 6) .
In the present study, we have extended our investigations of endogenous MuLV proviruses and their relationship to mouse chromosomal DNA by employing a restriction enzyme that does not cut xenotropic proviral DNA (HindIII) (1, 5) or that cleaves it a single time (EcoRI) (1, 5) . In the latter case, the cleavage generates a pXen,-reactive fragment greater than 6.8 kilobases (kb) in size containing viral plus cellular sequences that flank the 5' long terminal repeat (LTR). The results of these experiments indicate that after digestion with HindIll, DNAs from different inbred mouse strains yield about 25 restriction fragments that hybridize to the xenotropic env-specific DNA probe, a majority of which are greater in size than full-length (9. (Fig.  1A) , several highly conserved cleavage products were identified. All of the mouse DNAs shown in Fig. 1A and in Fig. 3 contained HindIII fragments (15.4, 12.7, 8.9, 6.4 , and 3.6 kb); however, some of these varied in intensity from strain to strain. For example, the 8.9-kb band was less prominent in NZB, C58/Lw, C57BR, BALB/c, and AKR mouse DNAs (Fig. 1A , lanes e, g, i, m, and o), whereas the 15.4-kb fragment was less intense in preparations from C3H/HeN, C58/Lw, and C57BR (lanes d, g, and i). The 22.9-kb HindIII digestion product was detected in all mouse DNAs except those of C57L (Fig.  1A, lane h) . It should be noted that the 12;7-, 8.9-, 6.4-, and 3.6-kb pXeny-reactive HindIII fragments were present in M. musculus subsp. molossinus DNA (considered to be a wild mouse originating in Japan) as well as in the DNAs of wild mice trapped in California and Maryland (data not shown). These pXenv-reactive fragments, therefore, are highly conserved in all mice.
Certain HindIII pXenv-reactive cleavage products could be used to distinguish different strains of inbred mice. For example, three closely migrating bands (6.4 to 7.0 kb) were detected in all preparations of BALB/c DNA (Fig. 1A, lane m) , including mice from six sublines (BALB/ cORNL, BALB/cSK, BALB/cARGON, BALB/ cN, BALB/cJ, and BALB/cir) (data not shown), and in no other mouse strain. A 2.6-kb PXenvreactive HindIII fragment was characteristic of C3H/HeN, A/J, and NFS DNAs (Fig. 1A, lanes  d, k, 1, and n) . A 4.3-and 4.7-kb doublet hybridizing to the xenotropic env-reactive probe was consistently detected in F, C58, C57BL/6, C57BL/10, NFS, and AKR mouse DNAs (Fig.  1A , lanes f, g, j, 1, and o; C57BL/10 in Fig. 3,  lane b) . A prominent 1.6-kb fragment was present in M. musculus subsp. molossinus DNA (not shown); a faintly reactive 1.6-kb fragment was seen in the California wild mouse DNA but in no other mice tested (data not shown).
Mouse DNAs contained multiple EcoRI bands that annealed to the PX.nv DNA probe (Fig. 2A) .
The majority of these reactive fragments were Fig. 2A was repeated, using an LTR probe, the great majority of the EcoRI fragments hybridizing to the xenotropic env probe also annealed to the labeled LTR DNA (Fig. 2B) . A large number of small LTR-reactive bands did not react with the env-reactive probe; some of these could represent portions of the endogenous proviruses to the 3' side of the EcoRI site.
As with the HindIII-restricted mouse DNAs, the EcoRI-digested cellular preparations contained several common pXenv-reactive fragments such as the 15.5-, 12.5-, 6.8-, 6.2-, and 1.4-kb bands. However, the 1.4-kb band was not detected in NFS, F/St, and BALB/c mouse strains. The closely related C58, C57L, and C57BR mice shared five additional bands ranging in size from 4.5 to 6.2 kb (Fig. 2A, lanes h, i,  and j) ; four of these were also present in C57BL/ 10 DNA (Fig. 2A, lane k) .
Variation in the number and chromosomal location of endogenous ecotropic proviruses in AKR mice has been observed (2, 12) . This is presumably due to acquisition of additional genomic copies of ecotropic proviral DNA. In contrast, endogenous proviruses that hybridize to the PXenv DNA probe might represent more genetically stable elements, since their infectious spread through mouse tissues and reinsertion into mouse chromosomal DNA would be less likely to occur. DNA was prepared from families of inbred mouse strains or from closely related mouse strains whose genealogical history has been well documented. We examined substrains of AKR, BALB/c, C58, and C57B6, and compared the latter two with the related C57BR and C57L strains. The only difference observed between HindIII-digested BALB/cN (lanes a and b) and BALB/cJ (lanes c and d), which separated from one another in 1936, is the absence of a 3.9-kb band in the former (Fig. 3A) . Since this band is present in BALB/c7r (Fig. 3A , lanes e and f), which was derived from BALB/ cN in 1956, as well as in all other BALB strains tested (ORNL, SK, and ARGON not shown), it seems likely that BALB/cN lost this proviral DNA fragment during the last 26 years.
Except for the presence of a 9.8-kb fragment in C58/Lw apparently lacking in C58/J DNA, the HindIlI-cleaved C58/Lw and C58/J mouse DNAs (Fig. 3B ) revealed little if any difference, despite the separation of the sublines since 1948. When the cleavage patterns of C57BL/6 and C57BL/10 mouse DNAs were compared (Fig.  3C) , no obvious differences were seen, even though these two strains were separated about 1933. The only difference observed was the presence of a prominent 16.6-kb pX,,n-reactive fragment in HindIII-cleaved C57BL/10 DNA (Fig. 3C, lane a) which was less intense in B6 mouse DNAs were virtually indistinguishable from one another, except for the presence of a 22.9-kb HindlIl fragment in C57BR (Fig. 3D,  lane b) . Three other preparations of C57L DNA also lacked this fragment (data not shown). No differences were observed in the cleavage patterns of AKR/N and AKR/J mouse DNAs (Fig.  3E) , despite their separation since 1948 and despite the known differences in their ecotropic proviruses (2, 11).
The autoradiograms shown in Fig. 3B to D confirm the close genealogical relationship of C58, C57BL, C57BR, and C57L mice, which is shown at the bottom of Fig. 3 . The DNAs of these strains closely resemble one another with respect to the numerous comigrating pXenv-reactive bands. C57BL DNAs contained all of the HindIlI bands present in C58 DNA, except for a 7.0-kb fragment (compare Fig. 3B and C) . We have also always noted an extremely faint 28.8-kb band in all C58 DNAs. C57BR and its derivative, C57L, both lacked the 8.1-and 4.3-kb HindIlI fragments found in C58 and C57BL DNAs and did not contain the 7.0-kb band seen in C58 DNA. A variation in the HindIII restriction patterns of these strains involves a 12.7-and 12.3-kb pair of fragments present in C58 and C57BL DNAs. The 12.7-kb band is more prominent in C58 DNAs and less intense in C57BL DNAs. In HindIII-digested C57L and C57BR DNAs, the 12.7-kb band is very prominent, but the 12.3-kb fragment is absent.
In DNAs from M. musculus subsp. molossinus and NZB, which express high levels of xenotropic virus, contained more bands than other mouse DNAs. However, F/St, also a high expressor of xenotropic virus, did not show an unusually large number of bands. No detectable differences were noted in the number or intensity of pXenv-reactive bands generated from DNAs from strains of mice with moderate xenotropic expression, such as AKR and BALB/c, when compared with other strains, including A, NFS, and 129, which rarely yield such viruses.
A perplexing feature of our analyses of restricted mouse DNA cleavage products hybridizing to the PXen, probe is the marked variation in intensity of some of the high-molecularweight bands, particularly the comigrating bands of various intensities in related substrains. A possible explanation is that the darker bands represent multiple proviruses that by chance have similar electrophoretic mobilities. Differences in relative polynucleotide sequence homology could also produce such differences.
Fragments hybridizing to labeled pXenv DNA with few if any mismatches would gendrate intensely reacting bands, whereas those containing env regions with segments of polynucleotide heterology could yield the fainter bands.
Our evaluation of DNAs from long-separated sublines of inbred mice indicates that in contrast to endogenous ecotropic proviral DNA, the MuLV proviruses that hybridize to labeled PXenv DNA are stable in the mouse genome. Over a 30-to 50-year period, only minimal polymorphism was detected within the C58, BALB/c, and C57BL strains, despite the presence of multiple reactive bands in the restricted DNA preparations. This study also demonstrates that the pXen, probe can be used to monitor the genealogical relationship among different mouse DNAs. The autoradiograms shown in Fig. 3 confirm the close relationship among C58, C57BL/6, C57BL/10, C57BR, and C57L mice. Except for sharing four or five common HindIII or EcoRI bands, NZB, NFS, A, C3H, and F/St mice do not show any common patterns among themselves or with other inbred strains. As we have already pointed out, the DNAs isolated from all inbred mice, as well as M. musculus subsp. molossinus and Maryland or California wild mice (1) contained several of the highly conserved pXenv-reactive HindIII and EcoRI cleavage products. These particular fragments may serve as universal markers for all members of Mus.
One goal in studying the DNAs from the B6-G1x+ and Fv-J' congenic mice was to determine whether a particular xenotropic env-reactive band was gained or lost in association with the altered phenotype. The GIX+ congenic mice showed no such change. The Fv-1n congenic mice showed the loss of a 16.6-kb HindIII band; but in view of the intensity differences of this band between B6 and B10 substrains, we do not feel justified in attributing particular significance to this observation.
